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Description 


[0001] The present invention relates to a method for 
controlling the strength of the air/fuel mixture supplied 
to an internal-combustion engine. 
[0002] In particular, the present invention relates to a 
method for controlling the strength of the mixture after 
the engine has been in an operating condition known as 
the "cut-off" condition, during which the supply of fuel to 
the engine cylinders is interrupted. 
[0003] During cut-off conditions, the catalytic convert- 
er which is arranged along the exhaust pipe of the en- 
gine is acted on by a flow of pure air and, acting In the 
manner of a lung, stores oxygen. 
[0004] As is known, the maximum efficiency of the 
catalytic converter, namely the capacity to eliminate 
successfully the polluting substances present in the 
combusted gases, depends both on the strength of the 
mixture supplied to the engine and on the existing state 
of the converter itself, namely on the quantity of oxygen 
which it has stored. In particular, the catalytic converter 
performs the catalytic action with the maximum efficien- 
cy if the strength of the mixture supplied to the engine 
Is within a given range centred around the value of one 
and if the quantity of oxygen stored is any case less than 
a predefined threshold value. 
[0005] During the cut-off condition, the catalytic con- 
verter, being acted on by the Intake air of the engine, 
stores a quantity of oxygen which Is far greater than the 
threshold value and therefore is made to operate In a 
low-efficiency zone. 

[0006] At the end of the cut-off condition, despite the 
fact that a target strength close to the value of one is 
defined, the catalytic converter is unable to eliminate 
correctly.the polluting substances on account of the ex- 
cess oxygen stored. 

[0007] Therefore, for the whole of the time required 
by the converter to dispose of this excess oxygen, the 
polluting emissions are not minimized. 
[0008] At present, at the end of the cut-off condition, 
the target strength is corrected In a way which tends to 
enrich the mixture supplied to the engine in order to pre- 
vent the engine from stalling. Enrichment of the mixture 
is performed independently of the state of the catalytic 
converter. This enrichment has a beneficial effect on the 
converter in that it allows it to dispose of part of the 
stored oxygen, but, being independent of the state of 

the con verter itself (I.e. of the quantity of stored oxygen), 
It may sometimes be excessive to the detriment of the 
fuel consumption and the emission of polluting sub- 
stances or, alternatively, it may be Insufficient to the det- 
riment of the time during which the converter is not op- 
erating at high efficiency. 

[0009] The object of the present invention is that of 
providing a method for controlling the strength which, 
depending on the state of the catalytic converter (i.e. the 
quantity of stored oxygen), minimizes the time during 
which the catalytic converter is not operating at high ef- 


ficiency at the end of the fuel cut-off condition. * 
, [001 0] Examples of known methods are described in 
DE 41 28 718 A and in DE 44 10 489 C. According to 
DE 41 28 718 A, a desired lambda value of an air/fuel 

5 mixture to be supplied to an engine Is controlled on the 
basis of an actual oxygen charge level of the catalytic 
converter; in particular, the desired lambda value is low- 
ered below 1 , when the actual charge level is grater than 
a desired charge level, and is increased over 1 other- 

^0 wise. 

[001 1] In DE 44 1 0 489 C. an operational phase with 
lowered lambda value is finished by Increasing lambda 
level to at least the stoichiometric value either when the 
required engine load reaches a set low load range, or 
^5 when the oxygen volume in the catalytic converter falls 
below a set low minimum volume level; moreover, the 
lambda value is set to a level, which is considerably 
higher than the stoichiometric value, as soon as the re- 
quired engine load first reaches the set low load range. 
20 [0012] According to the present invention a method 
for controlling the strength of the air/fuel mixture sup- 
plied to an internal-combustion engine of the type de- 
scribed in Claim 1 Is provided. 
[0013] The present invention will now be described 
25 With reference to the accompanying drawings which il- 
lustrate a non-limiting example of embodiment thereof, 
in which: 
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■ Figure 1 shows schematically a device for control- 
ling the strength of the mixture supplied to an inter- 
nal-combustion engine provided in accordance with 
the principles of the present invention; 

■ Figure 2 shows schematically a functional block 
forming part of the device according to Figure 1 and 
able to estimate the quantity of oxygen stored in the 
catalytic converter; 

- Figure 3 shows the progression of the maximum ca- 
pacity for oxygen storage of the catalytic converter 
as a function of the temperature of the converter It- 
self; 

- Figure 4 shows schematically a further functional 
block forming part of the device according to Figure 
1; and 

Figures 5 to 9 show the temporal progression of cer- 
tain parameters which are particularly significant 
according to the method of the present invention. 

[0014] With reference to Figure 1 , 1 denotes in its en- 
tirety a device for controlling the strength of the air/fuel 
mixture supplied to an internal-combustion engine 2, In 
particular to a petrol engine. As is known, the strength 
of the mixture is defined by the air/fuel ratio A/F normal- 
ized to the stoichiometric air/fuel ratio (equal to 14.57). 
[0015] The engine 2 has an Intake manifold 3 for sup- 
plying a flow of air to the cylinders (not shown) of the 
engine, a system 4 for injecting the petrol into the actual 
cylinders, and an exhaust pipe 5 for conveying away 
from the engine the combusted gases. 
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[0016] The exhaust pipe 5 has, arranged along it, a 

catalytic converter 6 (of the known type and for example 
comprising a pre-catalytic conversion unit) for eliminat- 
ing the polluting substances present In the exhaust gas- 
es. 

[0017] The control device 1 comprises a central con- 
trol unit 7 (shown schematically in Figure 1) which is re- 
sponsible for managing operation of the engine. The 
central control unit 7 receives at its input a plurality of 
data signals P measured in the engine 2 (for example 
number of rpm, air flow rate, Intake air, etc.) together 
with signals P relating to data outside the engine (for 
example, position of the accelerator pedal, etc.) and is 
able to operate the injection system 4 so as to regulate 
the quantity of petrol to be supplied to the cylinders. 
[001 8] The device 1 co-operates with two oxygen sen- 
sors 8 and 9 of the known type, which are arranged 
along the pipe 5 respectively upstream and downstream 
of the catalytic converter 6 and are able to provide in- 
formation relating to the stoichiometric composition of 
the exhaust gases upstream and downstream of the cat- 
alytic converter 6 itself. In particular the sensor 8 (con- 
sisting, for example, of an UEGO probe) is able to output 
a reaction signal V1 indicating the composition of the 
exhaust gases upstream of the catalytic converter 6 and 
therefore correlated to the strength of the mixture sup- 
plied to the engine. The sensor 9 (consisting, for exam- 
ple, of a LAMBDA probe) is able to output a signal V2 
indicating the stoichiometric composition of the gases 
introduced into the external environment and therefore 
correlated to the strength of the exhaust emission. 
[0019] The signal VI is supplied to a conversion cir- 
cuit 11 of the known type, which is able to able to convert 
the signal V1 itself into a digital parameter K\n\ repre- 
senting the strength of the mixture supplied to the en- 
gine 2 and defined as: 

, . _ {A/F)meas 
" (A/F)stoich 

where (A/F)meas represents the value of the air/ 
fuel ratio measured by the sensor 8 and correlated to 
the signal VI and (A/F)stoich represents the value of the 
stoichiometric air/fuel ratio equal to 14.57. In particular, 
if the value of the parameter X\m is greater than one (A,lm 
> 1 ) the mixture supplied to engine 2 is said to be lean, 
whereas if the value of the parameter A,lm is less than 
one (X\(r) < 1 ) the mixture supplied to the engine 2 is said 
to be rich. 

[0020] The digital parameter A.lm Is supplied to a sub- 
stracter input 12a of an adder node 12 having, in addi- 
tion, an adder input 1 2b which is supplied with the digital 
value of a parameter A,ob representing a target strength 
and defined as: 


(A/F)stoich 


where (A/F)targ represents the value of the air/fuel 
.target ratio which It is desired to achieve and (A/F)stoich 
is the value of the stoichiometric air/fuel ratio (equal to 
14.57). 

5 [0021 ] The parameter Xob is output (in a known man- 
ner) from an electronic table 13 to which at least some 
of the data signals P (for example, those relating to the 
number of rpm, the load applied to the engine 2, etc.) 
are input. 

10 [0022] The node 1 2 therefore outputs an error param- 
eter AA. indicating the divergence between the target pa- 
rameter ^ob and the parameter Aim, namely 


15 


Ak = Xob - X\n\ 


[0023] The error parameter AX is then supplied to a 
processing circuit 14 (of the known type) which, on the 
basis of the target strength Xob and the value of the error 

20 parameter AX, determines the quantity of effective fuel 
Qeff which the Injection system 4 must inject into the 
cylinders during the engine cycles. 
[0024] A feedback loop, or feedback control system, 
is thus provided for the mixture strength, which is aimed 

25 at reducing to zero the error parameter AX so that the 
measured strength (A,lm) follows the progression of the 
target strength (A.ob). 

[0025] In accordance with that shown in Figure 1 , the 
signal V2 output by the sensor 9 is supplied to a process- 

30 ing circuit 1 5 of the known type, which is able to process 
it so as to produce a correction parameter K022 which 
is supplied to an input 1 6a of a selector 1 6. The selector 
has a second input 1 6b and an output 1 6u connected to 
a further adder Input 12c of the node 12. The selector 

35 16 is able, to connect selectively and alternately the in- 
puts 16a and 16b to the output 16u itself depending on 
the value of a binary signal ABIL output from a control 
block 1 7, the function of which will become apparent be- 
low. In particular, when the signal ABIL assumes the 

40 high logic level , the parameter K022 output by the circuit 
1 5 is supplied to the node 1 2 in order to correct the error 
parameter AX in accordance with the expression Ak = 
Xob - X\m + K022. 

[0026] In this way, when the signal ABIL assumes the 
45 high logic level, an additional control loop (defined by 
the sensor 9 and the circuit 1 5) is closed, said loop being 
able to improve the feedback control provided by the 
loop comprising the sensor 8. As is known, this addition- 
al control loop (currently present In the commercially 
50 available control devices) allows compensation of any 
drift phenomena introduced by the control loop compris- 
ing the sensor 8, taking into consideration the composi- 
tion of the exhaust gases emitted Into the atmosphere, 
namely the effective strength upon discharge, which is 
55 defined by the parameter: 


-^o^_ (A/F)targ 
" {A/F)stoich 
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where (A/F)meas represents the value of the air/ 
fuel ratio measured by the sensor 9 and correlated to 
the signal V2. 

[0027] The catalytic converter 6 has the capacity to 
store oxygen and performs the catalytic action by ex- 
changing oxygen with the incoming exhaust gases, 
namely by reducing and oxygenating. The efficiency of 
the catalytic converter 6, namely Its capacity to eliminate 
the pollutants, Is dependent both on the strength Xlm of 
the mixture and on the state of the catalytic converter 6 
Itself, namely on the quantity of stored oxygen OXim. In 
particular, the maximum efficiency is achieved when the 
strength Aim is within a given range centred around the 
value of one (stoichiometric strength) and, at the same 
time, the quantity of stored oxygen OXim is less than a 
given threshold value OX^h. 

[0028] When the engine 2 is operating In the condition 
known as the fuel cut-off condition, for example follow- 
ing raising of the accelerator pedal, the central control 
unit 7 causes interruption of the fuel supply to the cylin- 
ders (Qeff = 0), disabling in a known manner the two 
abovementioned control loops. Consequently, the cata- 
lytic converter 6 is acted on by a flow of pure air and 
starts to store oxygen. The quantity of oxygen accumu- 
lated becomes greater than the threshold value OX^h 
and, therefore, the catalytic converter 6 is operating in 
a low efficiency zone in terms of elimination of the pol- 
luting substances. 

[0029] At the end of the cut-off condition, the central 
control unit 7 re-enables in a known manner the control 
loop comprising the sensor 8 and, despite the fact that 
an approximately stoichiometric target strength ;iob is 
defined (and the strength XI m measured by the sensor 
8 soon falls below the stoichiometric value), the catalytic 
converter 6 is not immediately able to operate at maxi- 
mum efficiency since It has stored excess oxygen. 
[0030] According to the present invention, the control 
device 1 comprises a further block 18 for correction of 
the target strength Xob, able to achieve optimization of 
the performance of the catalytic converter 6 (and there- 
fore minimization of the polluting emissions) when the 
engine 2 is no longer In the cut-off operating condition. 
The correction block 1 8 has the function of accelerating 
the restoration of the maximum efficiency of the catalytic 
converter 6 at the end of the cut-off condition and, for 
this purpose, is able to output a parameter AXq^ for cor- 
rection of the target strength kob so as to cause enrich- 
ment of the mixture depending on the state of the cata- 
lytic converter 6 itself and thus allow rapid disposal of 
the excess oxygen stored. In particular (see Figure 1), 
the correction parameter AX^^ is supplied to the Input 
16b of the selector 16 and is able to correct the error 
parameter AX (in accordance with the expression AX = 
Xob - X\m + AXQ^)\Nhen the signal ABIL, output from the 
block 17, assumes a low logic level. 
[0031] According to the Invention, the control block 17 
is able to manage correction of the target strength ;iob 
(by means of enabling or disabling of the block 1 8 and 


the control loop comprising the sensor 9) during the time , 
^ period following the end of the cut-off condition of the 
engine. In particular, the block 17 produces a low logic 
value of the signal ABIL as soon as the engine is no 

5 longer in the cut-off condition, so as to allow the block 
1 8 to correct the target strength Xob and keep the control 
loop comprising the sensor 9 disabled. When the cata- 
lytic converter 6 has disposed of the excess oxygen 
stored and returns Into the high-efficiency operating 

^0 state, the block 1 7 outputs the low logic level of the sig- 
nal ABIL, enabling the control loop comprising the sen- 
sor 9. 

[0032] The correction block 1 8 comprises an estima- 
tor block 1 9 able to estimate the quantity of oxygen OX- 

15 im stored by the catalytic converter 6 during the cut-off 
condition and at the end of the condition itself, and a 
processing block 20 able to output the parameter AX^^ 
for correction of the target strength Xob in relation to the 
quantity of oxygen OXim estimated by the block 19. 

20 [0033] Figure 2 shows the estimator block 1 9 which 
defines a model for estimating the quantity of oxygen 
OXim stored in the catalytic converter 6. The block 19 
receives at Its input the flow rate of intake air Qair and 
has a multiplier 21 able to multiply it by the ratio 0/Air 

25 defining the percentage of oxygen in the air, so as to 
output the flow rate of intake oxygen Qox. The flow rate 
Qox therefore represents the oxygen flow rate which 
would be supplied to the catalytic converter 6 if no com- 
bustion cycles were to occur inside the cylinders. 

30 [0034] The flow rate Qox Is then multiplied in a multi- 
plier 23 by a term defined by the difference between the 
strength X\rr\ measured by means of the sensor 8 and 
the stoichiometric strength (value of one) so as to pro- 
duce the flow rate Qox^ree of free oxygen in the exhaust 

35 gases entering the catalytic converter 6. The flow rate 

Qo^ree 's then calculated in accordance with the expres- 
sion: 
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Qox,ree = Qox(Xlm- 1). 

[0035] When there is a stoichiometric strength X\m 
(X\n\ = 1) the flow rate QoXfree »s zero since there Is no 
free oxygen in the exhaust gases; when there is a 
strength Xlm which is lean (X\tn > 1 ) the flow rate QoXfre© 
assumes a positive value, indicating the availability of 
free oxygen in the exhaust gases entering the catalytic 
converter 6 and therefore the possibility of oxygen stor- 
age by the catalytic converter 6 itself; when there Is a 
strength Xlm which is rich (X\rx\ < 1) the flow rate Qox^ree 
assumes a negative value, indicating a lack of free ox- 
ygen In these gases and therefore the need for the cat- 
alytic converter 6 to compensate for this shortage by 
drawing upon the stored oxygen. 
[0036] Only a part of the free oxygen present in the 
exhaust gases may be stored by the catalytic converter 
6 and, in the same way, only a part of the oxygen re- 
quired from the catalytic converter 6 may be extracted 
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in oitier to compensate for the abovementioned short- 
age. Consequently the flow rate QoXf^ee is multiplied jpy 
an exchange factor K^^^ In a multiplier 24 so as to pro- 
duce the oxygen flow rate QoXexc which may be ex- 
changed between the catalytic converter 6 and the ex- 
haust gases (QOXgxc = Kexc Qoxfree)- The exchange 
factor Kqxc is a constant which assumes a first given val- 
ue if the strength A.lm is lean (Xlm > 1), whereas it as- 
sumes a second given value if the strength Xlm is rich 
(Wm< 1). 

[0037] The flow rate QoXq^c of oxygen which may be 
exchanged between exhaust gases and catalytic con- 
verter 6 is then integrated over time inside a block 25 so 
as to offer the quantity of oxygen OXIm stored during 
the integration time inten/al. This integration is per- 
formed as soon as the engine enters the cut-off condi- 
tion, assuming that the initial quantity of oxygen con- 
tained in the catalytic converter 6 is equal to a calibration 
value approximately equivalent to the said threshold val- 
ue OX^^. By so doing, the block 25 supplies at Its output 
the time evolution of the quantity OXim of oxygen stored 
in the catalytic converter 6. 

[0038] The quantity OXim of stored oxygen obtained 
by means of integration may not be less than a zero min- 
imum limit (catalytic converter empty) and may not ex- 
ceed a maximum limit OXmax defining the storage ca- 
pacity OXmax of the catalytic converter 6; in order to 
express this, a saturation block 26 able to limit the quan- 
tity OXim of stored oxygen to the storage capacity OX- 
max has been incorporated in the model. 
[0039] In accordance with that shown in Figure 3, the 
model (defined by the block 1 9) takes Into consideration 
the fact that the storage capacity OXmax of the catalytic 
converter 6 is dependent upon the temperature Teat of 
the catalytic converter itself. The dependency of the ca- 
pacity OXmax on the temperature Teat was modelled by 
means of the progression illustrated in Figure 3. In par- 
ticular, if the temperature Teat Is less than a threshold 
value Tinf (of about 300°C), the catalytic converter 6 is 
unable to exchange oxygen with the exhaust gases 
(OXmax = 0); if the temperature Teat is higher than a 
threshold value Tsup (of about 400''C), the capacity OX- 
max reaches the physical limit OXmaXj^, which repre- 
sents the maximum storage capacity of the catalytic 
converter; if, finally, the temperature Teat is within the 
range (Tinf - Tsup), the capacity OXmax varies linearly 
with the temperature Teat itself. 
[0040] With reference to Figure 4, the block 20 will 
now be described; said block, as mentioned, calculates 
the correction parameter AX^^ to be applied to the target 
strength A.ob (Figure 1 ) as soon as the engine is no long- 
er in the cut-off condition, so as to enrich the mixture 
and allow restoration of the high-efficiency conditions of 
the catalytic converter 6. 

[0041 ] In the block 20 the quantity OXim of stored ox- 
ygen (output from the block 1 9) is supplied to a subtract- 
er input 28a of an adder node 28 having an adder input 
28b which is supplied with the threshold value OX»h in- 


dicating the quantity of oxygen beyond which the cata- 
. lytic converter 6 operates at low efficiency. The node 28 
outputs an error parameter AOX defined by the diver- 
gence between the quantity OXim and the threshold val- 
5 ue OXth (AOX = OXth - OXim). The error parameter AOX 
is supplied to a multiplier 29 where it is multiplied by a 
control parameter Kf ^eiox (which can be set) so as to pro- 
duce the parameter AX^^ defining the correction to be 
made to target strength Xob. 
10 [0042] The parameter AX^^ which defines the nega- 
tive correction to be made to the strength Xob is then 
supplied to a saturation block 30 where its tower limit is 
defined at a threshold value A^oj^^nin so as to avoid pro- 
ducing an exaggerated correction. The output of the 
15 block 30 thus represents the correction parameter AXq^^ 
to be supplied to the input 1 6b of the selector 1 6 (Figure 
1 ). In this way, the correction of the target strength A.ob 
is proportional to the quantity of oxygen OXim stored in 
the catalytic converter 6. 

[0043] Figures 5 to 9 show in graphic form the time 
progressions of the strength XI m measured upstream 
of the catalytic converter 6 (Figure 5), the signal V2 out- 
put from the sensor 9 (Figure 6), the quantity OXIm of 
stored oxygen (Figure 7), the correction parameter AXq^ 
output from the block 20 and the signal ABIL output from 
the block 1 7. These progressions illustrate the perform- 
ance of the control device 1 when the engine is in the 
cut-off condition and at the end of this condition. In par- 
ticular, as soon as the engine enters the cut-off condi- 
tion, the strength X^rr\ increases enormously and the 
quantity OXim of oxygen stored in the catalytic converter 
6 (estimated by the block 19) starts to increase with re- 
spect to the Initial value OX^^ until it reaches, for exam- 
ple, the storage capacity OXmax. At the same time, the 
signal V2 output by the sensor 9 falls to a value of ap- 
proximately zero, indicating that the gases introduced 
into the external environment are rich in oxygen. 
[0044] When the engine is in the cut-off condition, 
both the feedback control loops are disabled and the sig- 
nals V1 and V2 output by the sensors 8 and 9 continue 
to be measured. 

[0045] At the end of the cut-off condition, the control 

loop comprising the sensor 8 is enabled and, in this way, 
a target strength Xob is defined for the mixture supplied 
to the engine. It should be noted that generally, at the 
end of the cut-off condition, the target strength Xob pro- 
duced by the electronic table 13 is approximately stoi- 
chiometric. 

[0046] At the end of the cut-off condition, the signal 
ABIL assumes the low logic level, allowing the block 19 
to start to apply the correction parameter AA^^ the tar- 
get strength Xob (Figure 8); consequently, the mixture 
supplied to the engine is enriched and the strength X1 m 
becomes rich. As a result, it Is possible to start to dis- 
pose of the quantity OXim of stored oxygen, which in 
fact decreases (Figure 7). 

[0047] The relation of proportionality between the cor- 
rection parameter AXox and the quantity of excess ox- 
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ygen stored in the catalytic converter ensures that the 
correction of the target strength Xob is completed within 
a finite time interval T* (Figure 8). In particular, by setting 
the parameter Kfueio^ (Figure 4) it is possible to modulate 
the amplitude of the time Interval T* obtaining, for ex- 5 
ample, a pulse-type progression of the correction pa- 
rameter M^^ (see Figure 8). The parameter Kfi^eiox »s 
generally set so as to obtain the best possible compro- 
mise between the amplitude of the time interval T* and 
the maximum possible correction of the strength Xob. io 
[0048] When the quantity OXIm of oxygen becomes 
equal again to the threshold value OX^^ (i.e. AOX = 0), 
indicating that the maximum efficiency of the catalytic 
converter has been restored, the signal ABIL (Figure 9) 
switches and the control loop comprising the down- is 
stream sensor 9 is re-enabled. 
[0049] From the above description It can be under- 
stood that the control device 1 (and in particular the 
block 1 8), at the end of the cut-off condition, allows res- 
toration of the maximum efficiency of the catalytic con- 20 
verter, thereby minimizing the emissions of pollutants. 
[0050] According to the present invention, moreover, 
the control device 1 is provided with a functional block 
32 (indicated by broken lines In Figure 1 ) able to provide 
an adaptability function for the model (block 19) which 25 
estimates the quantity OXim of stored oxygen. This 
adaptability function has the aim of compensating for the 
approximations performed by the model itself and, in 
particular, ageing of the catalytic converter 6, which, as 
is known, results in a reduction in the storage capacity 3o 
of the catalytic converter Itself. 
[0051] In the example illustrated, the parameter which 
is adapted by the block 32 is the maximum storage ca- 
pacity of the catalytic converter OXmax^ (Figure 3), 
which Is of particular Interest, since it allows a diagnosis 35 
to be carried out with regard to the state of wear of the 
catalytic converter 6. The adaptability function is applied 
following those cut-off conditions where the maximum 
storage capacity of the catalytic converter 6 has been 
saturated, I.e. the quantity OXim has reached the max- 40 
imum capacity OXmax^^. 

[0052] The adaptability function is based on the esti- 
mated error of the model (block 19), which is related to 
the time which passes between an Instant t^ (Figure 7), 
when the model indicates that the excess oxygen in the 45 
catalytic converter 6 has been completely disposed of 
(i.e. AOX = 0), and an instant ta (Figure 6). when the 
signal V2 output by the sensor 9 assumes a given 
threshold value 72^^ (which can be set), indicating a 
strength of the exhaust emission which is no longer lean, so 
In the example shown In Figure 6, the threshold value 
V2th is a value where the progression of the signal V2 
changes inclination, indicating imminent switching of the 
downstream sensor 9 (LAMBDA probe). 
[0053] If the Instant t^ precedes the instant tg (namely ss 
the excess oxygen is disposed of completely before the 
signal V2 assumes the value V2th), this means that the 
maximum storage capacity OXmax^ has been under- 


estimated and, consequently, the maximum Capacity . 
^ OXmax^^ itself is adapted by increasing it by a given 
amount (for example, in relation to the estimated error). 
If, on the other hand, the instant t^ follows the instant tg 
(namely the signal V2 assumes the value \/2^ before 
the excess oxygen is completely disposed of), this 
means that the maximum storage capacity OXmax^^, has 
been overestimated and, consequently, it is decreased 
by a given amount (for example, in relation to the esti- 
mated error). The adapted value of the maximum stor- 
age capacity OXmax^ will then be used in the estimator 
block 1 9 when the engine 2 enters the cut-off condition 
again. 

[0054] In the case where the signal V2 assumes the 
value V2th before the excess oxygen has been used up, 
the block 32, moreover, is able to carry out a reset op- 
eration on the block 25 (see Figure 2) in order to reduce 
to zero the error parameter AOX (Figure 4) and prevent 
the correction AX^^ of the strength >.ob, and hence en- 
richment of the mixture, from being needlessly main- 
tained. 

[0055] Finally it should be pointed out that the block 
32, by means of adaptability of the maximum capacity 
OXim, allows a diagnosis to be performed as to the state 
of wear of the catalytic converter 6. In fact, if the maxi- 
mum capacity OXim which Is adapted continues to as- 
sume values less than a given threshold during a certain 
number of successive cut-off conditions, the catalytic 
converter 6 may be regarded as worn and the block 32 
may signal the lack of efficiency thereof. 


Claims 

1. Method for controlling the strength of the air/fuel 
mixture supplied to an Internal-combustion engine 
(2) after the engine (2) has been in a fuel cut-off 
operating condition during which a catalytic con- 
verter (6) arranged along the exhaust pipe (5) of the 
engine (2) Is acted on by a flow of air and stores 
oxygen; the method comprising the steps of: 

a) measuring the strength {X^ m) of the mixture 
supplied to the engine by means of a first oxy- 
gen sensor (8) arranged along the exhaust pipe 
(5) upstream of the catalytic converter (6); 

b) estimating (19) the quantity of oxygen stored 
(OXim) by the catalytic converter (6) on the ba- 
sis of the strength (Xlm) measured upstream of 
the catalytic converter (6) Itself; and 

c) correcting (20), at the end of the fuel cut-off 
condition, the target strength (Xob) of the mix- 
ture to be supplied to the engine, with respect 
to an approximately stoichiometric value, in re- 
lation to the quantity of estimated oxygen (Ox- 
im), so as to ensure controlled enrichment of 
the mixture aimed at allowing rapid disposal of 
the oxygen stored by the catalytic converter (6); 
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' the method being characterised in tliat said 

step of correcting (20) comprises applying (50) 
a correction parameter (Akox) to said target 
strength (Xob), said correction parameter 
(AXox) being determined on the basis of an at 5 
least partially continuously variable function of 
said quantity of estimated oxygen (Oxim). 

Method according to Claim 1 , characterized in that 
it comprises the step of: io 

d) comparing (12) the strength (Xlm) measured 
by means of the first sensor (8) with the target 
strength (A.ob) so as to define an error param- 
eter (A^) representing the divergence between is 
the said target strength {kob) and the measured 
strength (Xlm); 

e) processing (14) the error parameter (AX) and 
the target strength (kob) so as to determine the 
quantity of effective fuel (QefO to be supplied to 20 
the engine (2); the said correction according to 
para, c) being achieved by applying said cor- 
rection parameter (AXq^) to the target strength 
(kob) when the engine is no longer in the fuel 
cutoff condition; the said correction being main- 25 
tained until the quantity of oxygen stored (OX- 

im) in the catalytic converter (6) is greater than 
a given threshold value (OXth). 

Method according to Claim 2, characterized in 30 
that, during the said correction step according to 
para, c), a further correction (K022) of the target 
strength (kob) is kept disabled (17, ABIL); said fur- 
ther correction (K022) being derived from process- 
ing (1 5) of an output signal (V2) of a second oxygen 35 
sensor (9) arranged along the exhaust pipe (5) 
downstream of the catalytic converter (6). 

Method according to Claim 3, characterized by the 

fact of enabling (17,AB1L) said further correction 40 
(K022) of the target strength (A.ob) when the 
quantity of oxygen (OXim) stored in the catalytic 
converter (6) is equal to the said given threshold 
value (OXjh), indicating that disposal of the oxygen 
stored by the catalytic converter (6) during the fuel 45 
cut-off condition has occurred. 

Method according to any one of Claims 1 to 4, char- 
acterized in that the step according to para, b) is 

performed by a model ( 1 9) for estimating the quan- 50 
tity of oxygen (OXim) stored, and comprises the 
substeps of: 

b1 ) calculating (21 ) the flow rate (Qox) of intake 
oxygen into the engine on the basis of the flow 55 
rate of the intake air (Qair); 
b2) calculating (23) the flow rate (QoXf^ee) oi 
free oxygen In the exhaust gases entering the 


catalytic converter (6) on the basis of the flow 
t'ate (Qox) of intake oxygen and the divergence 
between the measured strength (k^ m) and the 
stoichiometric strength; 
b3) calculating (24) the flow rate (QoXgxc) of ox- 
ygen which may be exchanged between the 
catalytic converter (6) and the exhaust gases 
by multiplying the flow rate (Qox,ree) by a given 
exchange factor (Kg^c)! and 
b4) integrating (25) over time the said flow rate 
(Qoxgj^c) oxygen which may be exchanged 
between the catalytic converter (6) and the ex- 
haust gases, so as to obtain the time evolution 
of the said quantity of oxygen (OXim) stored by 
the catalytic converter (6). 

6. Method according to Claim 5, characterized in that 
the said estimating step according to para, b) com- 
prises, moreover, the substep of: 

b5) limiting (26) the quantity of stored oxygen 
(OXim), obtained by means of the said integra- 
tion, to an -upper limit value defining the oxygen 
storage capacity (OXmax) of the catalytic con- 
verter (6). 

7. Method according to Claim 6, characterized In that 
the said upper limit value defining the oxygen stor- 
age capacity (OXmax) of the catalytic converter (6) 
is dependent upon the temperature (Teat) of the cat- 
alytic converter (6) itself; the method comprising the 
step of modelling the dependency of the storage ca- 
pacity (OXmax) on the temperature (Teat) by means 
of a function comprising: 

a constant section with a zero value if the tem- 
perature is less than a lower threshold value 
(Tinf); 

a constant section with a value defining the 
maximum storage capacity (OXmax^^,) of the 
converter (6), if the temperature (Teat) is great- 
er than an upper threshold value (Tsup); and 
a linear joining section if the temperature (Teat) 
is between the said upper and lower threshold 
limits (Tinf, Tsup). 

8. Method according to any one of Claims 2 to 7, char- 
acterized in that the said correction step according 
to para, c) comprises the substeps of: 

c1 ) comparing (28) the quantity of oxygen (OX- 
im) at present stored in the catalytic converter 
(6) with the said given threshold value (OX^^), 
so as to produce a divergency parameter 
(AOX); 

c2) multiplying (29) the divergency parameter 
(AOX) by a control parameter (Kf^eiox) which 
can be set so as to produce the said correction 
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parameter (AXq^) for the said target strength 
(A,ob), 

9. Method according to Claim 8. characterized f n that 
the said correction step according to para, c) com- s 
prises the further substep of: 

c3) saturating (30) the said correction parame- 
ter (AX^^) to a limit value (A^oj^^j^) before ap- 
plying the said correction to the target strength io 
{Xob). 


age capacity value (OXmax^) offered by the said . 
adaptability function. 

15. Method according to Claim 14, characterized in 
that the catalytic converter (6) is considered to be 
worn if the maximum storage capacity (OXmax^) 
offered by the adaptability function is reconfirmed 
as being lower than a given minimum value at the 
end of a plurality of successive fuel cut-off condi- 
tions. 


1 0. Method according to any one of Claims 5 to 9, char- 
acterized in that It comprises, moreover, the step 

of providing (32) an adaptability function for the said 15 
model (19) for estimating the quantity of oxygen 
(OXim) stored in the catalytic converter (6); the said 
adaptability function adapting the model (19) so as 
to compensate for ageing of the catalytic converter 
(6) and the approximations performed in the model 20 
(19) Itself. 

11. Method according to Claims 7 and 10, character- 
ized by the fact of applying the said adaptability 
function for the said model (19) following the fuel 25 
cut-off conditions during which the quantity of oxy- 
gen (OXim) has saturated the said maximum stor- 
age capacity (OXmax^) of the catalytic converter 
(6). 

30 

12. Method according to Claim 11, characterized in 

that the said adaptability function adapts the said 
maximum oxygen storage capacity (OXmax^) of 
the catalytic converter (6) in relation to an estimated 
error of the model (19), the estimated error being 35 
related to the time which passes between a first in- 
stant (ti). when the quantity of estimated oxygen 
(OXim) assumes the said given threshold value 
(OXth). and a second Instant (tg). when the said sig- 
nal output by the second sensor (9) assumes a giv- 40 
en value ( V2th) Indicating the presence of a compo- 
sition of gases Introduced into the atmosphere 
which is nearly stoichiometric. 

13. Method according to Claim 12, characterized in 45 

that the said adaptability function increases the 
said maximum storage capacity (OXmax^^) of the 
catalytic converter (6) if the said first Instant (t^ ) pre- 
cedes the said second instant (tj); the said adapt- 
ability function decreasing the maximum storage so 
capacity (OXmax^) of the catalytic converter (6) if 
the said first Instant (t^) follows the said second in- 
stant (tg). 

2 

14. Method according to Claim 12 or Claim 1 3, charac- ss 
terized In that It comprises the step of carrying out 

a diagnosis (32) as to the state of wear of the cata- 
lytic converter (6) on the basis of the maximum stor- 


. Verfahren zur Steuerung des Gehalts des einem 
Verbrennungsmotor (2) zugefiihrten Kraftstoff/Luft- 
Gemlschs, nachdem der Motor (2) in einem Be- 
triebszustand mit unterbrochener Kraftstoffzufuhr 
gewesen 1st, wahrend dem ein entlang dem Aus- 
puffrohr (5) des Motors (2) angeordneter Katalysa- 
tor (6) mit einem Luftstrom beaufschlagt ist und 
Sauerstoff speichert; wobei das Verfahren die 
Schrltte umfaBt: 

a) Messen des Gehalts (Xlru) des dem Motor 
zugefiihrten Gemischs mittels einer ersten 
Sauerstoffsonde (8), die entlang dem Auspuff- 
rohr (5) oberhalb des Katalysators (6) angeord- 
net Ist; 

b) Schatzen (19) der vom Katalysator (6) ge- 
speicherten Menge an Sauerstoff (OXim) auf 
der Grundlage des oberhalb des Katalysators 
(6) selbst gemessenen Gehalts (X\n\); und 

c) Korrlgieren (20), am Ende des Kraftstoffun- 
terbrechungszustands, des Sollgehalts (Xob) 
des dem Motor zuzufuhrenden Gemischs hin- 
sichtlich eines ungefahr stochiometrlschen 
Werts In Bezug auf die geschatzte Menge Sau- 
erstoff (OXim), urn eine gesteuerte Anreiche- 
rung des Gemischs zu gewahrleisten, die dar- 
auf abzielt, daf3 der vom Katalysator (6) gespei- 
cherte Sauerstoff schnell beseitigt werden 
kann; wobei das Verfahren dadurch geltenn- 
zeichnet Ist, daB der Schritt des Korrlglerens 
(20) die Anwendung (30) eines Korrekturpara- 
meters (A^ox) auf den Sollgehalt (Xob) umfa3t, 
wobei der Korrekturparameter (AXox) auf der 
Grundlage einer wenigstens teilwelse stetig 
veranderlichen Funktion der geschatzten Men- 
ge an Sauerstoff (OXim) bestimmt Ist. 

Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daf) es die Schrltte umfaBt: 

d) Vergleichen (12) des mittels der ersten Son- 
de (8) gemessenen Gehalts {X\n\) mit dem Soll- 
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' gehalt (Xob), urn einen Fehlerparameter (AX) 
festzulegen, der fiir die Divergenz zwischpn 
dem Sollgehalt (kob) und dem gemessenen 
Gehalt (A.lm) steht; 

e) Verarbeiten (14) des Fehlerparameters (AX) 
und des Sollgehalts (A.ob), um die tatsachliche 
Kraftstoffmenge (Qeff) zu bestimmen, die dem 
Motor (2) zugefuhrt werden soli; 

wobei die Korrektur gemaf3 Abs. c) erreicht 
wird, indem der Korrekturparameter (AA.ox) auf den 
Sollgehalt (A,ob) angewendet wird, wenn sich der 
Motor nicht mehr im Kraftstoffunterbrechungszu- 
stand befindet; wobei die Korrektur solange auf- 
rechterhalten wird, bis die im Katalysator (6) ge- 
speicherte Menge an Sauerstoff (OXim) groBer ist 
als ein gegebener Schwelienwert (OXth). 

Verfahren nach Anspruch 2, dadurch gekenn- 
zeichnet, daB wahrend des Korrekturschritts ge- 
maB Abs. c) eine weitere Korrektur (K022) des Soll- 
gehalts (kob) gesperrt bleibt (17, ABIL); wobei die 
weitere Korrektur (K022) aus der Verarbeitung (15) 
eines Ausgangssignals (V2) einer zweiten Sauer- 
stoffsonde (9) abgeleitet wird, die entlang dem Aus- 
puffrohr (5) stromabwarts des Katalysators (6) an- 
geordnet ist. 

Verfahren nach Anspruch 3, gekennzeichnet 
durch die Zulassung (17, ABIL) der weiteren Kor- 
rektur (K022) des Sollgehalts (A.ob), wenn die Men- 
ge an Im Katalysator (6) gespeichertem Sauerstoff 
(OXim) gleich dem gegebenen Schwelienwert 
(OXfh) ist. und dadurch daB die erfolgte Beselti- 
gung des durch den Katalysator (6) wahrend des 
Kraftstoffunterbrechungszustandes gespeicherten 
Sauerstoffs angezeigt wird. 

Verfahren nach einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, daB der Schritt gemaB 
Abs. b) durch ein Rechenmodell (1 9) zum Schatzen 
der Menge an gespeichertem Sauerstoff (OXim) 
ausgefuhrt wird, und die Teilschritte umfaBt: 

b1 ) Berechnen (21 ) des Durchsatzes (Qox) von 
in den Motor eingesaugtem Sauerstoff auf der 
Qrundlage des Durchsatzes der Ansaugluft 
(Qair); 

b2) Berechnen (23) des Durchsatzes (Qoxf^ee) 
von freiem Sauerstoff in den in den Katalysator 
(6) eintretenden Abgasen auf der Grundlage 
des Durchsatzes (Qox) von eingesaugtem 
Sauerstoff und der Divergenz zwischen dem 
gemessenen Gehalt (Xlm) und dem stochiome- 
trischen Gehalt; 
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bS) Berechnen (24) des Durchsatzes (QoXe^c) 
von Sauerstoff, der zwischen dem Katalysator 
(6) und den Abgasen ausgetauscht werden 
kann, indem der Durchsatz (Qox,ree) mit einem 
gegebenem Austauschfaktor (Kg^^) fr^ultipli- 
ziert wird; und 

b4) Integration (25) des Durchsatzes (Qox^xc) 
von Sauerstoff uber der Zeit, der zwischen dem 
Katalysator (6) und den Abgasen ausgetauscht 
werden kann, um den zeitlichen Verlauf der im 
Katalysator (6) gespeicherten Menge an Sau- 
erstoff (OXim) zu erhalten. 

Verfahren nach Anspruch 5, dadurch gekenn- 
zeichnet, daB der Schritt des Schatzens gemaB 
Abs. b) auBerdem den Teilschritt umfaBt: 

bS) Begrenzen (26) der Menge an gespeicher- 
tem Sauerstoff (OXim), die mittels der Integra- 
tion erhalten wurde, auf einen oberen Grenz- 
wert, der die Sauerstoffspeicherkapazitat (OX- 
max) des Katalysators (6) definiert. 

Verfahren nach Anspruch 6, dadurch gekenn- 
zeichnet, daB der die Sauerstoffspeicherkapazitat 
(OXmax) des Katalysators (6) definierende obere 
Grenzwert von der Temperatur (Teat) des Katalysa- 
tors (6) selbst abhSngt; wobei das Verfahren den 
Schritt umfaBt, die Abhangigkeit der Speicherkapa- 
zitat (OXmax) von der Temperatur (Teat) mittels ei- 
ner Funktion abzubilden, die umfaBt: 

einen konstanten Abschnitt mit einem Nullwert, 
wenn die Temperatur kleiner ist als ein unterer 
Schwelienwert (TInf); 

einen konstanten Abschnitt mit einem Wert, der 
die maximale Speicherkapazitat (OXmax^) 
des Katalysators (6) definiert, wenn die Tempe- 
ratur (Teat) groBer ist als ein oberer Schwelien- 
wert (Tsup); und 

einen llnearen Verbindungsabschnitt, wenn die 
Temperatur (Teat) zwischen dem oberen und 
unteren Schwelienwert (Tinf, Tsup) liegt. 

Verfahren nach einem der Anspruche 2 bis 7, da- 
durch gekennzeichnet, daB daB der Korrektur- 
schritt gemaB Abs. e) die Teilschritte umfaBt: 

c1) Vergleichen (28) der im Katalysator (6) ak- 
tuell gespeicherten Menge an Sauerstoff 
(OXim) mit dem gegebenem Schwelienwert 
(OXjh), um einen Divergenzparameter (AOX) 
zu generieren; 

c2) Multiplizieren (29) des Divergenzparame- 
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ters (AOX) mit einem Steuerparameter 
C^fueiox)' der einstellbar 1st, um den Korrektur- 
parameter (A^ox) fur den Sollgehalt (Xob) zu 
generieren. 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daB der Korrekturschritt gemaB Abs. c) 
den weiteren Teilschritt umfaBt: 

c3) Saturieren (30) des Korrekturparameters 
(AA.OX) auf einen Grenzwert (AXox^ J, bevor 
die Korrektur auf den Sollgehalt (kob) ange- 
wendet wird. 

10. Verfahren nach einem der Anspriiche 5 bis 9, da- 
durch gekennzeichnet, daB es auBerdem den 
Schritt der Bereitstellung (32) einer Anpassungs- 
funktion fur das Rechenmodell (19) zum Schatzen 
der im Katalysator (6) gespeicherten Menge an 
Sauerstoff (OXim) umfaBt; wobei die Anpassungs- 
funktlon das Rechenmodell (19) so angleicht, daB 
einer Alterung des Katalysators (6) und den im Re- 
chenmodell (19) selbst ausgefiihrten Annaherun- 
gen Rechnung getragen wird. 

1 1 . Verfahren nach den Anspriichen 7 und 1 0, gekenn- 
zeichnet durch den Umstand, daB die Anwendung 
der Anpassungsfunktion fur das Rechenmodell (1 9) 
nach den Kraftstoffunterbrechungszustanden er- 
folgt, wahrend denen durch die Menge an Sauer- 
stoff (OXim) die maximale Speicherkapazltat (OX- 
max^) des Katalysators (6) ausgeschopft ist. 

12. Verfahren nach Anspruch 11, dadurch gekenn- 
zeichnet, daB die Anpassungsfunktion die maxi- 
male Sauerstoffspeicherkapazitat (OXmax^^) des 
Katalysators (6) in Bezug auf einen geschatzten 
Fehler des Rechenrnodells (19) angleicht, wobei 
der geschatzte Fehler auf die Zeit bezogen ist, die 
zwischen einem ersten Zeitpunkt (t^), wenn die 
Menge an geschatztem Sauerstoff (OXim) den ge- 
gebenen Schwellenwert (OX^^) annimmt, und ei- 
nem zweiten Zeitpunkt (t2) vergeht, wenn der Sl- 
gnalausgang von der zweiten Sonde (9) einen ge- 
gebenen Wert (V2th) annimmt, was das Vorhanden- 
sein einer an die Atmosphare abgegeben Gaszu- 
sammensetzung anzeigt, die nahezu stochiome- 
trlsch ist. 


13. Verfahren nach Anspruch 12, dadurch gekenn- so 
zeichnet, daB die Anpassungsfunktion die maxi- 
male Speicherkapazltat (OXmax^) des Katalysa- 
tors (6) erhoht, wenn der erste Zeitpunkt (t^) vor 
dem zweiten Zeitpunkt (tg) liegt; daB die Anpas- 
sungsfunktion die maximale Speicherkapazltat 55 
(OXmax^) des Katalysators (6) erniedrigt, wenn der 
erste Zeitpunkt (t^) auf den zweiten Zeitpunkt (tg) 
folgt. 
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14. Verfahren nach Anspruch 12 Oder Anspruch' 13, da- 
durch gekennzeichnet, daB es den Schritt umfaBt, 
eine Diagnose (32) bezuglich des Verbrauchszu- 
stands des Katalysators (6) auf der Grundlage des 
durch die Anpassungsfunktion dargebotenen, ma- 
xlmalen Spelcherkapazitatswerts (OXmax^) durch- 
zufuhren. 

15. Verfahren nach Anspruch 14, dadurch gekenn- 
zeichnet, daB der Katalysator (6) als verbraucht 
angesehen wird, wenn am Ende mehrerer aufein- 
anderfolgender Kraftstoffunterbrechungszustande 
wiederbestatigt wird, daB die von der Anpassungs- 
funktion dargebotene, maximale Speicherkapazltat 
(OXmax^) kleiner ist als ein gegebener Minimal- 
wert. 


Revendications 
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Precede pour reguler la richesse du melange air/ 
carburant fourni k un moteur k combustion Interne 
(2) apres que le moteur ait ete dans un etat de re- 
gime de coupure de carburant pendant lequel un 
pot catalytique (6) dispose sur le tuyau d'echappe- 
ment (5) du moteur (2) est soumis a Taction de 
I'ecoulement d'un flux d'air et emmagasine de I'oxy- 
gene, le precede comprenant les etapes consistant 
a : 


a) mesurer la richesse {X^ m) du melange fourni 
au moteur a i'aide d'une premiere sonde (8) 
d'oxygene disposee sur le tuyau d'echappe- 
ment (5) en amont du pot catalytique (6) ; 

b) evaluer (1 9) la quantite d'oxygene emmaga- 
sinee (OXim) par le pot catalytique (6) d'apres 
la richesse {XI m) mesuree en amont du pot ca- 
talytique (6) lui-meme ; et 

c) corriger (20), a la fin du mode de coupure de 
carburant, la richesse visee (Xob) du melange 
a fournir au moteur, par rapport a une valeur 
approximativement stoechiometrique, en rela- 
tion avec la quantite d'oxygene evaluee 
(OXim), afin d'assurer un enrlchlssement regu- 
le du melange visant a permettre une elimina- 
tion rapide de I'oxygene emmagasine par le pot 
catalytique (6), le precede etant caracterise en 
ce que ladite etape de correction (20) consiste 
a appllquer (30) un parametre de correction 
(AA.OX) k ladite richesse visee (^ob), ledit para- 
metre de correction (A>.ox) etant determine 
d'apres une fonction k varlabillte au moins par- 
tlellement continue de ladite quantite d'oxyge- 
ne evaluee (OXim). 

2. Precede selon la revendication 1 , caract6rls6 en 
ce qu'il comprend les etapes consistant k : 
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d) comparer (12) ta richesse (X1m) mesuree k 
Taide de la premiere sonde (8) avec la richespe 
visee (Kob) de maniere a definir un parametre 
d'erreur (AX) representant I'ecart entre ladite ri- 
chesse visee (A,ob) et la richesse mesuree s 
(X1m); 

e) traiter (14) le parametre d'erreur (AX) et la 
richesse visee (Kob) de maniere a determiner 
la quantite effective de carburant (Qeff) a four- 

nir au moteur (2) ; io 

ladite correction selon le paragraphe c) etant 
realisee en appliquant ledit parametre de correction 
(AXox) k la richesse vis^e (Xob) lorsque le moteur 
n'est plus dans le regime de coupure de carburant ; ^5 
ladite correction ^tant maintenue jusqu'ii ce que la 
quantite d'oxygene emmagasinee (OXim) dans le 
pot catalytique (6) soit superieure a une valeur seuil 
donnee (Oxth). 

20 

3. Precede selon la revendication 2, caracterlse en 
ce que, pendant ladite etape de correction selon le 
paragraphe c), une autre correction (K022) de la 
richesse visee (Kob) est maintenue neutralisee (17, 
ABIL) ; ladite autre correction (K022) etant obtenue 25 
par traitement (15) d'un signal de sortie (V2) d'une 
seconde sonde d'oxygene (9) disposee sur le tuyau 
d'echappement (15) en aval du pot catalytique (6). 


(Kexc) : et 

b4) integrer (25) dans le temps ledit debit 
(Qoxgxc) d'oxygene qui peut etre echange entre 
le pot catalytique (6) et les gaz d'echappement 
de fagon a obtenir revolution dans le temps de 
ladite quantite d'oxygene (Oxim) emmagasi- 
nee par le pot catalytique (6). 

6. Precede selon la revendication 5. caracterise en 
ce que ladite etape d'estimation selon le paragra- 
phe b) comprend en outre I'etape secondaire con- 
sistant a : 

b5) limiter (26) la quantite d'oxygene emmaga- 
sine (Oxim), obtenue a I'aide de ladite integra- 
tion, k une valeur limite superieure d^finissant 
la capacity d'emmagasinement d'oxygene (Ox- 
max) du pot catalytique (6). 

7. Procede selon la revendication 6, caracterise en 
ce que ladite valeur limite superieure definissant la 
capacite d'emmagasinage d'oxygene (Oxmax) du 
pot catalytique (6) depend de la temperature (Teat) 
du pot catalytique (6) lui-meme ; le procede com- 
prenant I'etape consistant a modeliser la dependan- 
ce de la capacite d'emmagasinage (Oxmax) vis-^- 
vis de la temperature (Teat) a I'aide d'une fonction 
comprenant : 


4. Precede selon la revendication 3, caracterise par 30 

le fait de permettre (1 7, ABIL) ladite autre correction 
(K022) de la richesse visee (Xob) lorsque la quan- 
tite d'oxygene (OXim) emmagasinee dans le pot ca- 
talytique (6) est egale a ladite valeur seuil donnee 
(OXfh)> indiquant que I'elimination de I'oxygene em- 35 
magasine par le pot catalytique (6) pendant le regi- 
me de coupure de courant s'est produite. 

5. Precede selon Tune quelconque des revendications 
1^4, caracterise en ce que I'etape selon le para- 40 
graphe b) est executee par un modele (1 9) servant 

a estimer la quantite d'oxygene (Oxim) emmagasi- 
nee, et comprend les etapes secondaires consis- 
tant a : 

45 

b1 ) calculer (2 1 ) le debit (Qox) de I'oxygene ad- 
mis dans le moteur d'apres le debit de I'air d'ad- 
mlssion (Qair) ; 

b2) calculer (23) le debit (Qox^ree) d'oxygene li- 
bre dans les gaz d'echappement penetrant so 
dans le pot catalytique (6) d'apres le debit (Qox) 
de I'oxygene d'admission et I'ecart entre la ri- 
chesse mesuree (X1m) et la richesse 
stoechiometrique ; 

b3) calculer (24) le debit (QoXexc) de I'oxygene 55 
qui peut etre echange entre le pot catalytique 
(6) et les gaz d'echappement en multipliant le 
debit (QoXfree) par un facteur d'echange donne 


une partie constante k valeur zero si la tempe- 
rature est inferieure a une valeur seuil basse 
(Tinf) ; 

une partie constante avec une valeur definis- 
sant la capacite maximale d'emmagasinage 
(OxmaX|^) du pot catalytique (6), si la tempera- 
ture (Teat) depasse une valeur seuil haute 
(Tsup) ; et 

une partie lineaire de jonction si la temperature 
(Teat) est intermediaire entre lesdites valeurs 
seuils haute et basse (Tint, Tsup). 

8. Precede selon I'une quelconque des revendications 
2^7, caracterise en ce que ladite etape de cor- 
rection selon le paragraphe c) comprend les etapes 
secondaires consistant k : 

c1 ) comparer (28) la quantite d'oxygene (Oxim) 
emmagasinee a I'instant present dans le pot 
catalytique (6) avec ladite valeur seuil donnee 
(Ox^h) afin de produire un parametre d'ecart 
(AOX) ; 

c2) multiplier (29) la parametre d'ecart (AOX) 
par un parametre de regulation (Kf^eiox) 
peut etre etabli afin de produire ledit parametre 
de correction (AXox) pour ladite richesse visee 
(Xob). 

9. Precede selon la revendication 8, caracterise en 


11 


ce que ladite etape de correction selon le paragra- 
phe c) comprend I'autre 6tape secondaire consis- 
tant a : 

c3) saturer (30) ledit paramdtre (AXox) a une 
valeur limite (AXoxmin) avant d'appliquer ladite 
correction a ladite richesse visee (Xob). 


(OXmax^) offerte par la fonction d'adaptabilite est 
reconfirmee comme etant inferieure a une valeur 
minimale donnee a la fin d'une pluralite de modes 
successifs de coupure de carburant. 


10. Precede selon Tune quelconque des revendications 
5 a 9, caracterise en ce qu'il comprend en outre io 
r^tape consistent a produire (32) une fonction 
d'adaptabilite pour ledit modele (19) pour estimer la 
quantite d'oxygene (Oxim) emmagasinee dans le 
pot catalytique (6) ; ladite fonction d'adaptabilite 
adaptant le module (19) de maniere a compenser is 
le vielllissement du pot catalytique (6) et les ap- 
proximations faites dans le modele (19) lui-meme. 


11. Precede selon les revendications 7 et 10, caracte- 
rise en par le fait que ladite fonction d'adaptabilite 20 
pour ledit modele (19) est appliquee a la suite du 
regime de coupure de carburant pendant lequel la 
quantite d'oxygene (Oxim) a sature ladite capacite 
maximale d'emmagaslnage (Oxmax^) du pot cata- 
lytique (6). 25 


12. Precede selon la revendication 11 , caracterise en 
ce que ladite fonction d'adaptabilite adapte ladite 
capacite maximale d'emmagaslnage d'oxygene 
(Oxmax^) du pot catalytique (6) par rapport a une 30 
erreur estimee du modele (19), I'erreur estimee 
6tant liee au temps qui passe entre un premier ins- 
tant (ti), ou la quantite d'oxygene evaluee (Oxim) 
prend ladite valeur seuil donnee (Ox^^) et un second 
instant (t2) ou ledit signal dellvre par la seconde 3S 
sonde (9) prend une valeur donnee (\/2^^) indiquant 

la presence d'une composition presque stoechio- 
metrique des gaz introduits dans I'atmosphere. 

13. Precede selon la revendication 12, caracterise en 40 
ce que ladite fonction d'adaptabilite accroit ladite 
capacite maximale d'emmagaslnage (Oxmax^^) du 

pot catalytique (6) si ledit premier instant (t^) prece- 
de ledit second instant (ta), ladite fonction d'adap- 
tabilite redulsant la capacite maximale d'emmaga- 45 
sinage (OXmax^) du pot catalytique (6) si ledit pre- 
mier instant (t^) suit ledit second instant (t2). 

14. Precede selon la revendication 12 ou la revendica- 
tion 1 3, caracterise en ce qu'il comprend I'etape so 
consistent k realiser un diagnostic (32) portent sur 
I'etat d'usure du pot catalytique (6) d'apres la valeur 

de capacite maximale d'emmagaslnage (OXmax^^) 
offerte par ladite fonction d'adaptabilite. 

55 

15. Precede selon la revendication 14, caracterise en 
ce que le pot catalytique (6) est considere comme 
etant us§ si la capacity maximale d'emmagaslnage 
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